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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

RELATED APPLICATIONS 
[0001] This application claims priority to Japanese Patent Application 
Nos. 2003-054002 filed February 28, 2003 and 2004-023936 filed January 30, 
2004 which are hereby expressly incorporated by reference herein in their 
entireties. 

BACKGROUND 
[0002] Technical Field of the Invention 

[0003] The present invention relates to semiconductor devices iand 
manufacturing methods thereof, and more particularly, relates to a semiconductor 
device and a manufacturing method thereof, in which pad peeling of a bonding 
pad portion is suppressed. 

[0004] Description of the Related Art 

[0005] Fig. 16 is a cross-sectional view showing a conventional 
semiconductor device. This semiconductor device has bonding pad portions. 

[0006] On a silicon substrate not shown in the figure, an insulating film 
101 is formed, and on this insulating film 101, a Ti film 102 is deposited by 
sputtering, followed by deposition of a TIN film 103 thereon by sputtering. A 
barrier metal layer 104 made of the Ti film 102 and the TIN film 103 is formed on 
the insulating film 101. 

[0007] Next, on this barrier metal 104, a first Al alloy film 105 is formed 
by sputtering, and an anfireflection film 106 made of a TIN film is then formed 
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thereon. Subsequently, the antireflection film 106, the first Al alloy film 105, and 
the barrier metal layer 104 are patterned. Accordingly, on the insulating film 101, 
first Al alloy wires 107a and 107b are formed. 

[0008] Next, an interlayer insulating film 108 made of an oxide film is 
formed over the first Al alloy wires 107a and 107b. Subsequently, by etching this 
interlayer insulating film 108, via holes are formed therein at positions located on 
the first Al alloy wires 107a and 107b. Next, after a Ti film 112 Is deposited inside 
the via holes and on the interlayer insulating film by sputtering, a TIN film 113 is 
formed on this Ti film 112 by sputtering. As described above, inside the via holes 
and on the interlayer insulating film 108, a barrier rnetal layer 114 made of the Ti 
film 112 and the TIN film 113 is formed. 

[0009] Then, on the barrier metal layer 114 and inside the via holes, a W 
film is deposited by a CVD (chemical vapor deposition) method. After the W film 
present on the interlayer insulating film 108 is removed by etching (etch-back), a 
W plug 109 is buried in each via hole formed in the interlayer insulating film 108. 

[0010] Next, over the entire surface including the W plugs 109, a second 
Al alloy film 115 is deposited by sputtering, and an antireflection film 116 made of 
a TIN film is formed thereon. The antireflection film 116, the second Al alloy film 
115, and the barrier metal layer 114 are then patterned. Accordingly, on the 
interlayer insulating film 108, a bonding pad portion 117a and a second Al alloy 
wire 117b are formed. The bonding pad portion 117a is electrically connected to 
the first Al alloy wire 107a via the W plug 109, and the second Al alloy wire 117b is 
electrically connected to the first Al alloy wire 107b via the W plug 109. 

[0011] Subsequently, over the entire surface including the bonding pad 
portion 117a and the second Al alloy wire 117b, a passivation film 110 made of a 
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silicon nitride film or the like is deposited by a CVD method. Next, by etching the 
passivation film 110, an opening portion is formed in the passivation film at a 
position located on the bonding pad portion 117a. A polyimide film 111 is then 
formed on the passivation film 110, and an opening portion is formed in this 
polyimide film 111 at a position located on the aforementioned opening portion. 
As described above, a pad opening portion for bonding is formed for the bonding 
pad portion 117a. Through this pad opening portion, the bonding pad portion 117a 
is exposed. 

[0012] When a wire is bonded to the bonding pad portion 117a, a stress 
is applied thereto which is generated by this bonding connection, and due to this 
stress, peeling of the bonding pad portion 117a may occur in some cases. This 
peeling of the bonding pad portion 117a is caused by peeling which occurs at the 
interface between the Ti film 112 of the barrier metal layer and the interlayer 
insulating film (oxide film) 108. The reason for this is that since a vulnerable alloy 
layer which has poor stress resistance is formed at the interface between the 
oxide layer and the Ti film 112, when bonding connection is performed for the 
bonding pad portion 117a, this vulnerable layer is destroyed by a stress generated 
in the bonding connection. As a result, peeling of the bonding pad portion occurs. 

[0013] In consideration of the situations described above, the present 
invention was made, and an object of the present invention is to provide a 
semiconductor device and a manufacturing method thereof, in which peeling of 
the bonding pad portion is suppressed. 
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SUMMARY 

[0014] To achieve the object described above, a semiconductor 
device of the present invention comprises: a bonding pad portion provided on an 
insulating film; a passivation film provided on the bonding pad portion and the 
insulating film; and a pad opening portion provided in the passivation film at a 
position located on the bonding pad portion, wherein the bonding pad portion has 
a barrier metal layer and a conductive film formed on the barrier metal layer, and 
at least a part of the barrier metal layer located under the pad opening portion and 
between the insulating film and the conductive film is removed. 

[0015] A semiconductor device according to the present invention, 
comprises: an insulating film provided on a wire; a connecting hole provided in 
the insulating film at a position located on the wire; a barrier metal layer provided 
in the connecting hole and on the insulating film; a metal plug provided on the 
barrier metal layer in the connecting hole; a conductive film provided on the metal 
plug and the barrier metal layer, the conductive film and the barrier metal layer 
forming a bonding pad portion; a passivation film provided on the bonding pad 
portion and the insulating film; and a pad opening portion provided in the 
passivation film at a position located on the bonding pad portion, wherein at least 
a part of the barrier metal layer located under the pad opening portion and 
between the insulating film and the conductive film is removed. 

[0016] In addition, in the semiconductor device according to the present 
invention, the pad opening portion may be located at a position other than over 
the metal plug. 

[0017] A semiconductor device according to the present invention, 
comprising: an insulating film provided on a wire; a connecting hole provided in 
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the insulating film at a position located on the wire; a barrier metal layer provided 
in the connecting hole and on the insulating film; a sidewall provided on the inside 
surface of the connecting hole with the barrier metal layer provided therebetween; 
a conductive film provided on the sidewall, in the connecting hole, and on the 
barrier metal layer, the conductive film and the barrier metal layer forming a 
bonding pad portion; a passivation film provided on the bonding pad portion and 
the insulating film; and a pad opening portion provided in the passivation film at a 
position located on the bonding pad portion, wherein the bonding pad portion is 
electrically connected to the wire via the conductive film, the sidewall, and the 
barrier metal layer, which are provided in the connecting hole, and at least a part 
of the barrier metal layer located under the pad opening portion and between the 
insulating film and the conductive film is removed. 

[0018] In the semiconductor device according to the present invention, 
the barrier metal layer preferably comprises a Ti film and a TiN film provided 
thereon. 

[0019] In addition, in the semiconductor device according to the present 
invention, as the insulating film, a film made of a material comprising Si is 
preferable. 

[0020] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming a barrier metal 
layer on an insulating film; a removing step of removing at least a part of the 
barrier metal layer located under a position at which a pad opening portion is to be 
formed; a step of forming a conductive film on the insulating film exposed by the 
removing step and the barrier metal layer; a step of patterning the conductive film 
and the barrier metal layer so as to form a bonding pad portion on the insulating 
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film; a step of forming a passivation film on the bonding pad portion and the 
insulating film; and a step of forming the pad opening portion in the passivation 
film at a position located on the bonding pad portion. 

[0021] According to the method for manufacturing a semiconductor 
device, described above, in the removing step of removing at least a part of the 
barrier metal layer located under the position at which the pad opening portion is 
to be formed, the barrier metal layer is removed that is located under the position 
described above and on the insulating film. Accordingly, at the position at which 
the barrier metal layer is removed, the formation of a vulnerable alloy layer having 
poor stress resistance at the interface between the barrier metal layer and the 
insulating film can be suppressed. Hence, when a wire is bonded to the bonding 
pad portion by bonding connection, even if a stress caused by this bonding 
connection is applied to the bonding pad portion, the peeling thereof caused by 
this stress can be suppressed. 

[0022] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a metal film on the barrier metal layer 
and in the connecting hole; a step of forming a metal plug in the connecting hole 
by removing the metal film present above the insulating film; a removing step of 
removing at least a part of the barrier metal layer located under a position at 
which a pad opening portion is to be formed; a step of forming a conductive film 
on the insulating film exposed by the removing step, the barrier metal layer, and 
the metal plug; a step of patterning the conductive film and the barrier metal layer 
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SO as to form a bonding pad portion on the insulating film; a step of forming a 
passivation film on the bonding pad portion and the insulating film; and a step of 
forming the pad opening portion in the passivation film at a position located on the 
bonding pad portion. 

[0023] According to the method for manufacturing a semiconductor 
device, described above, in the removing step of removing at least a part of the 
barrier metal layer located under the position at which the pad opening portion is 
to be formed, the barrier metal layer is removed that is located under the position 
described above and on the insulating film. Accordingly, at the position at which 
the barrier metal layer is removed, the formation of a vulnerable alloy layer having 
poor stress resistance at the interface between the barrier metal layer and the 
insulating film can be suppressed. Hence, the peeling of the bonding pad portion 
caused by this stress can be suppressed. 

[0024] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a sidewall on the inside surface of the 
opening portion with the barrier metal layer provided therebetween; a removing 
step of removing at least a part of the barrier metal layer located under a position 
at which a pad opening portion is to be formed; a step of forming a conductive film 
on the insulating film exposed by the removing step, on the barrier metal layer, 
and in the connecting hole; a step of patterning the conductive film and the barrier 
metal layer so as to form a bonding pad portion on the insulating film; a step of 
forming a passivation film on the bonding pad portion and the insulating film; and 
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a step of forming the pad opening portion in the passivation filnn at a position 
located on the bonding pad portion. 

[0025] According to the method for manufacturing a semiconductor 
device, described above, since the sidewall is formed on the inside surface of the 
connecting hole, the conductive film can be easily provided in the connecting hole 
due to the presence of this sidewall. Accordingly, the increase in connection 
resistance or the generation of connection failures can be suppressed in the 
connecting hole. 

[0026] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a metal film on the barrier metal layer 
and in the connecting hole; a step of forming a metal plug in the connecting hole 
by removing the metal film present above the insulating film; a removing step of 
removing at least a part of the barrier metal layer located under a position at 
which a pad opening portion is to be formed; a step of forming a conductive film 
on the insulating film exposed by the removing step, the barrier metal layer, and 
the metal plug; a step of patterning the conductive film and the barrier metal layer 
so as to form a bonding pad portion on the insulating film; a step of forming a 
passivation film on the bonding pad portion and the insulating film; and a step of 
forming the pad opening portion in the passivation film at a position which is 
located on the bonding pad portion and which is not located over the metal plug. 

[0027] According to the method for manufacturing a semiconductor 
device, described above, since the pad opening portion is not formed over the 
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metal plug, the area of the top surface or the bottom surface of the bonding pad 
portion can be increased. Hence, the adhesion between the bonding pad portion 
and the insulating film can be improved. As a result, when bonding connection is 
performed, pad peeling of the bonding pad portion can be suppressed. 

[0028] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a metal film on the barrier metal layer 
and in the connecting hole; a removing step of removing the metal layer and the 
barrier metal layer present on the insulating film so as to form a metal plug in the 
connecting hole; a step of forming a conductive film on the insulating film exposed 
by the removing step and the metal plug; a step of patterning the conductive film 
so as to form a bonding pad portion on the insulating film; a step of forming a 
passivation film on the bonding pad portion and the insulating film; and a step of 
forming a pad opening portion in the passivation film at a position located on the 
bonding pad portion. 

[0029] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a sidewall on the inside surface of the 
opening portion with the barrier metal layer provided therebetween; a removing 
step of removing the barrier metal layer present on the insulating film; a step of 
forming a conductive film on the insulating film exposed by the removing step and 
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in the connecting hole; a step of patterning the conductive film so as to form a 
bonding pad portion on the insulating film; a step of forming a passivation film on 
the bonding pad portion and the insulating film; and a step of forming a pad 
opening portion in the passivation film at a position located on the bonding pad 
portion. 

[0030] A method for manufacturing a semiconductor device, 
according to the present invention, comprises: a step of forming an insulating film 
on a wire; a step of forming a connecting hole in the insulating film at a position 
located on the wire; a step of forming a barrier metal layer in the connecting hole 
and on the insulating film; a step of forming a metal film on the barrier metal layer 
and in the connecting hole; a removing step of removing the metal layer and the 
barrier metal layer present on the insulating film so as to form a metal plug in the 
connecting hole; a step of forming a conductive film on the insulating film exposed 
by the removing step and the metal plug; a step of patterning the conductive film 
so as to form a bonding pad portion on the insulating film; a step of forming a 
passivation film on the bonding pad portion and the insulating film; and a step of 
forming a pad opening portion in the passivation film at a position which is located 
on the bonding pad portion and which is not located over the metal plug. 

[0031] In the method for manufacturing a semiconductor device 
according to the present invention, described above, it is preferable that the 
bottom layer forming the conductive film be not made of a Ti film, 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] Fig. 1 is a cross-sectional view showing a semiconductor device 
according to a first embodiment of the present invention. 
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[0033] Figs. 2A-C include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 1. 

[0034] Figs. 3D and E include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 1 . 

[0035] Fig. 4 is a cross-sectional view showing a semiconductor device 
according to a second embodiment of the present invention. 

[0036] Figs. 5A-C include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 4. 

[0037] Figs. 6D and E include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 4. 

[0038] Fig. 7 is a cross-sectional view showing a semiconductor device 
according to a third embodiment of the present invention. 

[0039] Figs. 8A-C include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 7. 

[0040] Fig. 9 is a cross-sectional view showing a semiconductor device 
according to a fourth embodiment of the present invention. 

[0041] Figs. 10A-C include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 9. 

[0042] Figs. 11 D and E include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 9. 

[0043] Fig. 12 is a cross-sectional view showing a semiconductor device 
according to a fifth embodiment of the present invention. 

[0044] Figs. 13A-C include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 12. 
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[0045] Figs. 14D and E include cross-sectional views each showing a 
manufacturing method of the semiconductor device shown in Fig. 12. 

[0046] Fig. 15 is a cross-sectional view showing a semiconductor device 
according to a sixth embodiment of the present invention. 

[0047] Fig. 16 is a cross-sectional view showing a conventional 
semiconductor device. 

Detailed Description 

[0048] Hereinafter, embodiments of the present invention will be 
described with reference to drawings. 

[0049] Fig. 1 is a cross-sectional view showing a semiconductor device 
of a first embodiment according to the present invention. This semiconductor 
device has bonding pad portions. 

[0050] On an insulating film 1, first Al alloy wires 7a are 7b are formed. 
The first Al alloy wires 7a and 7b are each formed of a barrier metal layer 4, a first 
Al alloy film 5, and a antireflection film 6 provided in that order from the bottom. 
The barrier metal layer 4 is formed of a Ti film 2 and a TiN film 3 provided thereon. 

[0051] On the first Al alloy wires 7a and 7b and the insulating film 1 , an 
interlayer insulating film 8 containing Si is formed. In this interlayer insulating film 
8, via holes (connecting holes) are formed at positions located on the first Al alloy 
wires 7a and 7b. Inside the connecting hole and on the interlayer insulating film 8, 
barrier metal layers 14 are formed. The barrier metal layer 14 is composed of a Ti 
film 12 and a TiN film 13 provided thereon. 

[0052] On the barrier metal layer 14 provided in each connecting hole, a 
W plug 9 is formed. On the W plugs 9, a bonding pad portion 17a and a second 
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Al alloy wire 17b are formed. The bonding pad portion 17a and the second Al 
alloy wire 17b are each composed of the barrier metal layer 14, a second Al alloy 
film (or a conductive film) 15, and a antireflection film 16 provided in that order 
from the bottom. A part of the antireflection film 16 of the bonding pad portion, 
which is located under a pad opening portion, is removed. In addition, a part of 
the barrier metal layer 14 located under the pad opening portion is removed. In 
this case, it is not necessary to remove the entire barrier metal layer 14 located 
under the pad opening portion but is desirable to remove at least a part of the 
barrier metal layer 14 thereunder. In addition, the barrier metal layer 14 on the 
interlayer insulating film 8 may be entirely removed. 

[0053] On the bonding pad portion 17a, the second Al alloy wire 17b, 
and the interlayer insulating film 8, a passivation film 18 is formed, and an opening 
portion 18a is formed in this passivation film 18 at a position located on the 
bonding pad portion 17a. On the passivation film 18, a polyimide film 20 is 
formed, and in this polyimide film 20, an opening portion 20a is formed. By this 
opening portion 20a and the opening portion 18a, a pad opening portion is 
formed. A wire is to be connected by bonding connection to the bonding pad 
portion 17a exposed through this pad opening portion. 

[0054] Figs. 2(A) to (C), and Figs. 3(D) and (E) are cross-sectional 
views showing a method for manufacturing the semiconductor device shown in 
Fig. 1. 

[0055] First, as shown in Fig. 2(A), after the solid Ti film 2 is deposited 
on the insulating film 1 by sputtering, the solid TiN film 3 is deposited on this solid 
Ti film 2 by sputtering. As described above, the solid barrier metal layer 4 
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composed of the solid Ti film 2 and the solid TIN film 3 is formed on the insulating 
film1. 

[0056] Next, on this solid barrier metal layer 4, the solid first Al alloy film 
5 is formed by sputtering, and on this solid first Al alloy film 5, the solid 
antireflection film 6 made of a TiN film is formed. Subsequently, the solid 
antireflection film 6, the solid first Al alloy film 5, and the solid barrier metal layer 4 
are patterned. Accordingly, on the insulating film 1, the first Al alloy wires 7a and 
7b are formed. 

[0057] Next, over the first Al alloy wires 7a and 7b, the interlayer 
insulating film 8 primarily composed of an oxide film is formed. This interlayer 
insulating film 8 is then processed by etching, thereby forming the via holes 
(connecting holes) therein at positions located on the first Al alloy wires 7a and 7b. 
Subsequently, inside the via holes and on the interlayer insulating film 8, the solid 
Ti film 12 is deposited by sputtering, and on this solid Ti film 12, the solid TiN film 
13 is then deposited by sputtering. As described above, inside the via holes and 
on the interlayer insulating film 8, the solid barrier metal layer 14 composed of the 
solid Ti film 12 and the solid TiN film 13 is formed. Next, on the solid barrier metal 
layer 14 and inside the via holes, a W film 9a is deposited by a CVD method. 

[0058] Subsequently, as shown in Fig. 2(B), the W film 9a present on 
the interlayer insulating film 8 is removed by etching (etch back), and hence the W 
plugs 9 are buried in the via holes formed in the interlayer insulating film 8. Next, 
a photoresist film is formed over the entire surface including the solid barrier metal 
layer 14 by coating, followed by exposure and development, and as a result, a 
resist pattern 10 having a pad opening portion 10a is formed on the solid barrier 
metal layer 14. The solid barrier metal layer 14 is etched using this resist pattern 
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10 as a mask, thereby removing the solid barrier metal layer located under the 
pad opening portion 10a. 

[0059] Next, as shown in Fig. 2(C), after the resist pattern 10 is 
removed, over the entire surface including the W plugs 9, the solid second Al alloy 
film 15 is deposited by sputtering, and on the solid second Al alloy film 15, the 
solid antireflection film 16 made of a TiN film is formed by sputtering. 

[0060] Next, as shown in Fig. 3(D), onto the solid antireflection film 16, a 
photoresist film is applied, followed by exposure and development thereof, and 
hence a resist pattern 11 is formed on the solid antireflection flim 16. The solid 
antireflection film 16, the solid second Al alloy film 15, and the solid barrier metal 
layer 14 are then etched using this resist pattern 11 as a mask. Accordingly, the 
bonding pad portion 17a and the second Al alloy wire 17b are formed on the 
interlayer insulating film 8. The bonding pad portion 17a is electrically connected 
to the first Al alloy wire 7a via the W plug 9, and th^ second Al alloy wire 17b is 
electrically connected to the first Al alloy wire 7b via the W plug 9. 

[0061] Next, as shown in Fig. 3(E), after the resist pattern 11 is 
removed, the passivation film 18 made of a silicon nitride film or the like is 
deposited by a CVD method over the entire surface including the bonding pad 
portion 17a and the second Al alloy wire 17b. Next, onto the passivation film 18, a 
photoresist film is provided by coating, followed by exposure and development 
thereof, thereby forming a resist pattern 19 on the passivation film 18. Next, by 
using this resist pattern 19 as a mask, the passivation film 18 is etched, and 
hence the opening portion 18a is formed in the passivation film 18 described 
above at a position located on the bonding pad portion 17a. 
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[0062] Subsequently, as shown in Fig. 1, on the passivation film 18, the 
polyimide film 20 is formed, and by processing this polyimide film 20, the opening 
portion 20a is formed at a position located on the opening portion 18a. Next, the 
antireflection film 16 exposed through the opening portion 18a is removed by 
etching. As a result, the pad opening portion for bonding is formed for the 
bonding pad portion 17a, and through this pad opening portion, the surface of the 
bonding pad portion 17a is exposed. Next, to this exposed bonding pad portion 
17a, a wire is to be connected by bonding connection. 

[0063] According to the first embodiment described above, the barrier 
metal layer 14, which is a part of the bonding pad portion 17a and which is located 
on the interlayer insulating film 8, is removed. Accordingly, in the area at which 
the barrier metal layer 14 is removed, the formation of a vulnerable alloy layer 
having poor stress resistance can be prevented at the interface between the Ti 
film 12 of the barrier metal layer 14 and the interlayer insulating film 8. Hence, in 
connecting a wire to the bonding pad portion 17a, even when a stress is applied 
to the bonding pad portion 17a in bonding connection, peeling of the bonding pad 
portion 17a caused by this stress can be suppressed. 

[0064] Fig. 4 is a cross-sectional view of a semiconductor device 
according to a second embodiment of the present invention, the same reference 
numerals of the constituent elements described above designate the same 
constituent elements in this embodiment, and different constituent elements will 
only be described. 

[0065] On the inside surface of the via hole (connecting hole) formed in 
the interlayer insulating film 8, a sidewall 21 made of a W film is formed with the 
barrier metal layer 14 provided therebetween. 
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[0066] The second Al alloy film (or a conductive film) 15 is formed on 
the side wall 21, inside the connecting hole, and on the barrier metal layer 14, and 
on the second Al alloy film 15, the antireflection film 16 is formed. The 
antireflection film 16, the second Al alloy film 15, and the barrier metal layer 14 
form the bonding pad portion 17a. 

[0067] That is, the bonding pad portion 17a is electrically connected to 
the first Al alloy wire 7a via the side wall 21 and the second Al alloy film 15 
provided in the via hole. 

[0068] A part of the antireflection film 16 of the bonding pad portion 
located under the pad opening portion is removed. In addition, a part of the 
barrier metal layer 14 located under the pad opening portion is also removed. In 
this embodiment, it is not necessary to be removed the entire barrier metal layer 
located under the pad opening portion but is desirable necessary to remove at 
least a part of the barrier metal layer thereunder. 

[0069] The passivation film 18 is formed over the bonding pad portion 
17a and the interlayer insulating film 8, and the opening portion 18a is formed in 
this passivation film 18 at a position located on the bonding pad portion. On the 
passivation film 18, the polyimide film 20 is formed, and the opening portion 20a is 
formed therein. 

[0070] Figs. 5(A) to (C) and Figs. 6(D) and (E) are cross-sectional views 
each showing a method for manufacturing the semiconductor device shown in 
Fig. 4, the same reference numerals of the constituent elements in Figs. 2 and 3 
designate the same constituent elements in these figures, and different 
constituent elements will only be described. 
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[0071] As shown in Fig. 5(A), on the solid barrier metal layer 14 and 
inside the via hole (connecting hole), the W film 9a is deposited by a CVD 
method. 

[0072] Next, as shown in Fig. 5(B), the W film 9a is etched-back, 
thereby forming the sidewall 21 made of a W film on the inside surface of the via 
hole. Subsequently, a photoresist film is provided on the solid barrier metal layer 
14 by coating and is then exposed and developed, thereby forming a resist 
pattern 22 having an opening portion 22a on the solid barrier metal layer 14. 

[0073] The solid barrier metal layer 14 is then etched by using this resist 
pattern 22 as a mask, and hence as shown in Fig. 5(C), a part of the solid barrier 
metal layer located under the opening potion 22a is removed. Over the entire 
surface including the sidewall 21 and the inside of the via hole, the solid second Al 
alloy film 15 is deposited by sputtering, and the solid antirefiection film 16 made of 
a TiN film is formed thereon by sputtering. The solid second Al alloy film 15 is 
likely to be buried in the via hole due to the presence of the sidewall 21 . 

[0074] Subsequently, as shown in Fig. 6(D), the resist pattern 11 is 
formed on the solid antirefiection film 16, and the solid antirefiection film 16, the 
solid second Al alloy film 15, and the solid barrier metal layer 14 are patterned 
using the resist pattern 11 as a mask. Hence, on the interiayer insulating film 8, 
the bonding pad portion 17a is formed. The bonding pad portion 17a is electrically 
connected to the first Al alloy wire 7a via the sidewall 21 which is buried in the via 
hole and the second Al alloy film. 

[0075] Next, as shown in Fig. 6(E), after the resist pattern 11 is 
removed, over the entire surface including the bonding pad portion 17a and the 
second Al alloy wire 17b, the passivation film 18 made of silicon nitride or the like 
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is deposited by a CVD method, and on this passivation film 18, the resist pattem 
19 is formed. Subsequently, the passivation film 18 is etched using this resist 
pattern 19 as a mask, and hence the opening portion 18a is formed in the 
passivation film 18 at a position located on the bonding pad portion 17a. Next, as 
shown in Fig. 4, the polyimide film 20 is formed on the passivation film 18, and the 
opening portion 20a is formed in this polyimide film 20. 

[0076] In the second embodiment described above, the same effect as 
that in the first embodiment can be obtained. 

[0077] In addition, in this embodiment, since the sidewall 21 of a W film 
is formed on the inside surface of the via hole, when the solid second Al alloy film 
15 is provided in the via hole, the fiuidity thereof is improved by the presence of 
this sidewall 21, and hence the solid second Al alloy film can be buried in the via 
hole without generating voids. Accordingly, the increase in connection resistance 
and the generation of connection failures caused by voids or the like formed 
inside the via hole can be suppressed. 

[0078] Fig. 7 is a cross-sectional view of a semiconductor device 
according to a third embodiment of the present invention. The same reference 
numerals of the constituent elements described above designate the same 
constituent elements in this embodiment, and different constituent elements will 
only be described. 

[0079] On the W plug 9, the bonding pad portion 17a is formed. On the 
bonding pad portion 17a and the interlayer insulating film 8, the passivation film 
18 is formed, and the opening portion 18a is formed in this passivation film 18 at a 
position located on the bonding pad portion 1 7a. The polyimide film 20 is formed 
on the passivation film 18, and the opening portion 20a is formed in this polyimide 
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film 20. This opening portion 20a and the opening portion 18a described above 
form the pad opening portion. This pad opening portion is not located over the W 
plug 9 and is located at a position on the bonding pad portion 17a, which position 
is adjacent to the W plug 9 or in the vicinity thereof. 

[0080] Figs. 8(A) to (C) are cross-sectional views showing a method for 
manufacturing the semiconductor device shown in Fig. 7, the same reference 
numerals of the constituent elements shown in Figs. 2 and 3 designate the same 
constituent elements in this embodiment, and different constituent elements will 
only be described. 

[0081] As shown in Fig. 8(A). the first Al alloy wire 7a is formed on the 
insulating film 1 , and the interlayer insulating film 8 is formed over the first Al alloy 
wire 7a and the insulating film 1 . Next, in this interlayer insulating film 8, the via 
hole (connecting hole) is formed, and inside this via hole and on the interlayer 
insulating film 8, the solid barrier metal layer 14 is formed. Subsequently, the W 
plug 9 is buried in the via hole formed in the interlayer insulating film 8. 

[0082] On this solid barrier metal layer 14, the resist pattern 10 having 
the pad opening portion 10a therein is then formed, and the solid barrier metal 
layer 14 is etched using this resist pattern 10 as a mask, thereby removing a part 
of the solid barrier metal layer 14 located under the pad opening potion 10a. As 
shown in Fig. 8(A), the pad opening portion 10a is not located over the W plug 9 
and is located in the vicinity of the W plug 9 and at a distance therefrom. 

[0083] Next, as shown in Fig. 8(B), after the resist pattern 10 is 
removed, over the entire surface including the W plug 9, the solid second Al alloy 
film 15 is deposited as a conductive film, and on the solid second Al alloy film 15, 
the solid antireflection film 16 is formed. 



F009766 93 1 9S-000703 

-21 - 

[0084] Subsequently, as shown in Fig. 8(C), on the solid antireflection 
film 16, the resist pattern 11 is formed, and the solid antireflection film 16. the solid 
second Al alloy film 15, and the solid barrier metal layer 14 are etched using this 
resist pattern 11 as a mask. Accordingly, on the interlayer insulating film 8, the 
bonding pad portion 17a is formed. The bonding pad portion 17a is electrically 
connected to the first Al alloy wire 7a via the W plug 9, 

[0085] Next, as shown in Fig. 7, after the resist pattern 11 is removed, 
over the entire surface including the bonding pad portion 17a, the passivation film 
18 made of a silicon nitride film or the like is deposited, and in this passivation film 
18, the opening portion 18a is formed at a position located on the bonding pad 
portion 17a. Subsequently, on this passivation film 18, the polyimide film 20 is 
formed, and the opening portion 20a is formed in the polyimide film 20 at a 
position located on the opening portion 18a. As described above, the pad 
opening portion for bonding is formed for the bonding pad portion 17a, and the 
surface thereof is exposed through this pad opening portion. The pad opening 
portion described above is not located over the W plug 9 and is located at a 
position on the bonding pad portion 17a, which position is adjacent to the W plug 
9 or in the vicinity thereof. 

[0086] In the third embodiment described above, the same effect as that 
in the first embodiment can be obtained. 

[0087] In addition, in this embodiment, since the pad opening portion is 
not formed over the W plug 9 and is disposed at a position on the bonding pad 
portion 17a, which position is adjacent to the W plug 9 or in the vicinity thereof, 
the area of the top surface or the bottom surface of the bonding pad portion 17a 
can be increased as compared to that in the first embodiment. Accordingly, the 
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adhesion between the bonding pad portion 17a and the interlayer insulating film 8 
can be improved. As a result, when the bonding connection is performed, pad 
peeling of the bonding pad portion can be suppressed. 

[0088] Fig. 9 is a cross-sectional view showing a semiconductor device 
according to a fourth embodiment of the present invention, the same reference 
numerals of the constituent elements shown in Fig. 1 designate the same 
constituent elements in this embodiment, and different constituent elements will 
only be described. 

[0089] The solid barrier metal layer 14 on the interlayer insulating film 8 
is entirely removed, a second Al alloy wire 127b and a bonding pad portion 127a, 
each composed of a TIN film 123, the second Al alloy wire 15, and the 
antireflection film 16, are formed. That is, the Al alloy wire 127b and the bonding 
pad portion 127a are each formed so that the TiN film 123 is in contact with the 
interlayer insulating film 8. 

[0090] Figs. 10(A) to (C) and Figs. 11(D) and (E) are cross-sectional 
views showing a manufacturing method of the semiconductor device shown in 
Fig. 9, the same reference numerals of the constituent elements shown in Figs. 2 
and 3 designate the same constituent elements in this embodiment, and different 
constituent elements will only be described. 

[0091] As shown in Fig. 10(A), the W film 9a is deposited on the solid 
barrier metal layer 14 and inside the via holes (connecting hole) by a CVD 
method. 

[0092] Next, as shown in Fig. 10(B), the W film 9a and the solid barrier 
metal layer 14 on the interlayer insulating film 8 are removed by CMP (chemical 
mechanical polishing). Subsequently, the solid TiN film 123 is deposited over the 
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entire surface by sputtering, the solid second A! alloy film 15 is deposited on the 
solid TiN film 123 by sputtering, and the solid antireflection film 16 of a TIN film is 
formed on the solid second A! alloy film 15 by sputtering. 

[0093] Subsequently, as shown in Fig. 11(D), the second Al wire layer 
127b and the bonding pad portion 127a are formed by patterning. 

[0094] In the fourth embodiment described above, the same effect as 
that in the first embodiment can be obtained. In addition, the TiN film 123 is not 
always necessary. 

[0095] Fig. 12 is a cross-sectional view showing a semiconductor device 
according to a fifth embodiment of the present invention, the same reference 
numerals of the constituent elements shown in Fig. 2 designate the same 
constituents in this embodiment, and different constituent elements will only be 
described. The solid barrier metal layer 14 on the interlayer insulating film 8 is 
entirely removed, and a bonding pad portion 137a is formed from the second Al 
alloy film 15 and the antireflection film 16. 

[0096] Figs. 13(A) to (C) and Figs. 14(D) and (E) are cross-sectional 
views showing a manufacturing method of the semiconductor device shown in 
Fig. 12, the same reference numerals of the constituent elements shown in Figs. 5 
and 6 designate the same constituent elements in this embodiment, and different 
constituent elements will only be described. 

[0097] As shown in Fig. 13(A), the W film 9a is deposited on the solid 
barrier metal layer 14 and inside the via hole (connecting hole) by a CVD method. 
Next, as shown in Fig. 13(B), after the sidewall 21 of a W film is formed on the 
inside surface of the via hole, the solid barrier metal layer 14 on the interlayer 
insulating film 8 is removed by CMP. Subsequently, as shown in Fig. 13(C), the 
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solid second Al wire layer 15 is deposited over the entire surface including the 
sidewall 21 and the inside of the via hole by sputtering, the solid antireflection film 
16 of a TIN film is formed on the solid second Al wire film 15 by sputtering, and as 
shown In Fig. 14(D), the bonding pad portion 137a is formed by patterning. 

[0098] In the fifth embodiment described above, the same effects as 
those in the first and the second embodiments can be obtained. In addition, a TIN 
film may be used under the Al alloy film 15 of the bonding pad portion. 

[0099] In the third embodiment, as is the case of the fourth embodiment, 
when the solid barrier metal layer 14 on the interlayer insulating film 8 is removed 
by using CMP so as to form the bonding pad layer 127a, the same effects as 
those in the first and the third embodiments can be obtained. A sixth embodiment 
of the present invention is the case described above, and a semiconductor device 
obtained in accordance with the sixth embodiment is shown in Fig. 15. The same 
reference numerals of the constituent elements shown in Fig. 7 designate the 
same constituent element in this embodiment. In this embodiment, the TIN film 
123 is not always necessary. 

[0100] In addition, the present invention is not limited to the 
embodiments described above, and various changes and modifications may be 
made without departing from the spirit and the scope of the present invention. 



